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Abstract
The purpose of this study was to evaluate two practical interval training protocols on 
cardiorespiratory fitness, lipids, and body composition in overweight/obese women. Thirty women 
(mean ± SD; Weight: 88.1 ± 15.9 kg; BMI: 32.0 ± 6.0 kg·m2) were randomly assigned to ten 1-
minute high-intensity intervals (90%VO2peak, 1min recovery), or five 2-minute high-intensity 
intervals (80-100% VO2peak, 1 min recovery), or control. Peak oxygen uptake (VO2peak), peak 
power output, body composition, and fasting blood lipids were evaluated before and after 3 weeks 
of training, completed 3 days per week. Results from ANCOVA analyses demonstrated no 
significant training group differences for any primary variables (p>0.05). When training groups 
were collapsed, 1MIN and 2MIN resulted in a significant increase in peak power output (∆18.9 
± 8.5 watts; p=0.014) and time to exhaustion (∆55.1 ± 16.4 sec; p=0.001); non-significant increase 
in VO2peak (∆2.36 ± 1.34 ml·kg−1·min−1; p=0.185); and a significant decrease in fat mass (∆
−1.96 ± 0.99kg; p=0.011). Short-term interval exercise training may be effective for decreasing fat 
mass and improving exercise tolerance in overweight and obese women.
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Introduction
It is well documented that physical inactivity directly increases the risk of various health 
parameters including poor cardiorespiratory fitness, adiposity, impaired glucose tolerance, 
and hypertension, which in combination often contribute to chronic disease (Lee, Blair, & 
Jackson, 1999). Exercise is growing in acceptance as a method for healthcare professionals 
to implement for disease prevention. Currently, the American College of Sports Medicine 
recommends between 150 and 250 minutes of moderate physical activity per week as an 
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effective measure for developing and maintaining health (Donnelly et al., 2009). This 
recommendation is further published from the Centers for Disease Control and Prevention 
and from the Committee on Exercise and Cardiac Rehabilitation of the American Heart 
Association (Haskell et al., 2007). Despite the consensus regarding the importance of 
physical activity, most adults fail to meet even the minimum physical activity guidelines. 
Countless studies have shown that lack of time, motivation, and adherence are the most 
commonly cited reasons for not exercising (Booth, Roberts, & Laye, 2012).
The use of interval-based training programs to stimulate improvements in metabolic and 
cardiovascular health, requiring less time than traditional exercise have received increased 
attention in clinical populations (Shiraev & Barclay, 2012). As little as six sessions, over a 
two week time period, have elicited beneficial cardiometabolic adaptations (Babraj et al., 
2009; Little et al., 2011; Little, Safdar, Wilkin, Tarnopolsky, & Gibala, 2010), while other 
studies suggest a longer training duration is imperative (Fisher et al., 2015; Gillen et al., 
2012; Tjonna et al., 2009). Many recent studies have demonstrated shorter duration interval 
based exercise (30 sec – 4 min) may be advantageous over prolonged training for 
cardiorespiratory fitness, skeletal muscle oxidative capacity, improved fuel utilization, and a 
concomitant improvement in insulin sensitivity (Babraj et al., 2009; Cocks et al., 2015; 
Gremeaux et al., 2012; Kessler, Sisson, & Short, 2012). While it is known that interval 
training yields rapid adaptations in mitochondrial capacity and insulin sensitivity (Cocks et 
al., 2015; Fisher et al., 2015; Hood, Little, Tarnopolsky, Myslik, & Gibala, 2011; Little et al., 
2011; Little et al., 2010), additional research is warranted to identify the optimal 
combination of training intensity and volume necessary to induce adaptations in a practical, 
time-efficient manner in overweight and obese women. Initial evidence suggests that men 
may have more pronounced benefits compared to women (Gillen et al., 2012); with little 
data available for women (Gillen, Percival, Ludzki, Tarnopolsky, & Gibala, 2013). It is 
imperative to find more convenient options for exercise in this population.
Exercise capacity has become a well-established independent predictor for cardiovascular 
disease (Myers et al., 2002). Recently, sprint interval training, which involves 30 second ‘all 
out’ supramaximal sprints with a four minute recovery period, has been show to rapidly 
improve cardiorespiratory fitness in a variety of populations (Tremblay, Simoneau, & 
Bouchard, 1994; Whyte, Gill, & Cathcart, 2010). The feasibility of higher intensity exercise 
has been questioned as it has been shown to result in negative feelings toward exercise and 
poor adherence (Ekkekakis, Hall, & Petruzzello, 2008). Additionally, sprint interval training 
typically requires specialized equipment to achieve appropriate intensity. Due to the growing 
body of literature supporting the benefits from interval training, there is a need to identify 
other feasible protocols that result in similar health benefits and may be potentially 
completed outside of a laboratory. A few recent investigations have demonstrated support for 
more submaximal protocols with one minute interval bouts (Boyd, Simpson, Jung, & Gurd, 
2013; Hood et al., 2011; Little et al., 2011; Skelly et al., 2014; A. E. Smith-Ryan, Melvin, & 
Wingfield, 2015), with the majority of data in men. Yet, some data suggest longer (4min) 
lower intensity intervals; but require more time (Helgerud et al., 2007; Tjonna et al., 2009). 
Additionally, both protocols evaluated in the current study have been reported to be highly 
enjoyable in overweight and obese individuals (A.E. Smith-Ryan, 2015). Some evidence 
demonstrates that beneficial physiological adaptations result when exertion is reduced from 
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‘all-out’ effort to 60% peak power output (Hood et al., 2011), as well as increasing interval 
duration to 4 min at 90% heart rate (Tjonna et al., 2009). However, in an overweight/obese 
population, alterations in interval duration, and intensity, have just recently been explored 
(Cocks et al., 2015; Fisher et al., 2015; Gillen et al., 2013; Gillen et al., 2014). Identifying 
the effects of two interval protocols may help provide more feasible options for interval 
training in a clinical population, specifically for overweight/obese women. Therefore the 
purpose of this study was to compare the physiological adaptations as a result of two 
practical higher intensity training protocols in overweight/obese women. The primary aim 
was to evaluate the effects of high intensity interval training on cardiorespiratory fitness 
[(VO2peak), time to exhaustion (TTE), peak power output (PPO)] and fasting blood 
metabolites (glucose, insulin, lipids) before and after a 3 week intervention. The secondary 
aim was to evaluate the effects on body composition. High intensity training using a 2 
minute on 1 minute off protocol (adapted from Smith et al.(2009)) at undulating intensities 
(2MIN); and a 1 minute high intensity interval training protocol applying a 1 minute on 1 
minute off protocol (adapted from Boyd et al.(2013)) at maximal intensity (1MIN) were 
examined in comparison to a control (CON) group. It was hypothesized that both training 
protocols would improve cardiorespiratory fitness and body composition.
Methods
Participants
Participants were recruited from an urban area in the Southeastern United States of America. 
All procedures were approved by the University’s Biomedical Review Board (Approval: 
12-1026) and were completed in accordance with the ethical standards of the 1964 Helsinki 
declaration and its later amendments or comparable ethical standards. Following email and 
telephone screening, 44 women completed an in-person eligibility visit in which they 
responded to a health history questionnaire to screen for the following: age 18 to 55 years, 
overweight (BMI > 25 kg·m2); <10lb body weight change within the last three months; 
sedentary (did not meet American College of Sports Medicine exercise recommendations; 
no limitations to physical activity (cardiovascular, musculoskeletal; and no use of 
prescription medication that may have influence metabolism or weight loss). A routine 
medical screening, electrocardiogram, and physician clearance were used to assess subjects 
for inclusion. Individuals from this initial group were excluded if they reported: i) actual 
BMI was ≤ 25 kg·m2; ii) a history of hypertension or metabolic renal, hepatic, autoimmune, 
or neurological disease; iii) currently participating in high-intensity exercise; iv) resting 
blood pressure was above safety cutoff (> 140/90 mmHg); electrocardiogram demonstrated 
an irregularity; v) personal physician did not approve participation; or vi) participant decided 
it was too great of a time commitment. A final group of 32 females met the eligibility 
requirements. Written informed consent was obtained from all individual participants 
included in the study. The authors confirm that all ongoing and related trials for this 
intervention are registered (#NCT 02444377). Data on the men has been previously 
published and separated due to heterogeneity (A. E. Smith-Ryan et al., 2015). All 
CONSORT procedures and guidelines were followed.
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Experimental Design
Following enrollment, 32 female participants were randomized by the PI (AESR) (August 
2012-May 2014), using block random allocation software into three groups in accordance 
with the CONSORT guidelines (Figure 1): 2MIN group (n=11), 1MIN group (n=11), and 
control group, which performed no training (control; n=10). Retention of subjects was high, 
despite the intensity and frequency of training: one subject dropped out after the pre-
VO2peak test (due to mild syncope), and one subject dropped out for no known reason after 
completing 8/9 training sessions, yielding a final evaluable group of 30 women (Table 1). 
Prior to the start of the 3 week training program, and in the week immediately following the 
cessation of the training program, participants visited the laboratory in a fasted condition on 
two occasions to complete all baseline body composition, cardiorespiratory, and blood 
metabolite tests (Figure 2). The same assessments were completed post 3 weeks of training, 
between 48-144 hours of the last training session.
Measurements
Height was measured to the nearest 0.5 cm using a calibrated stadiometer; body mass was 
measured using a calibrated clinical scale to the nearest 0.01 kg with participants wearing 
only Spandex shorts or a tight-fitting bathing suit. Serum blood samples were drawn at the 
University Hospital. Samples were separated and processed by McLendon Clinical 
Laboratories (Chapel Hill, NC). All samples were analyzed using established enzymatic 
assays for fasting blood glucose (GLU), total cholesterol (TC), triglycerides (TG), high-
density lipoproteins (HDL) and insulin. Low-density (LDL) and very low-density 
lipoprotein cholesterol (VLDL) were calculated using Friedwald’s equations [LDL = TC-
TG/2.2; VLDL = TC-(LDL+HDL)].
Cardiorespiratory Measurements
Before and after training, participants performed a continuous graded exercise test on an 
electronically braked cycle ergometer (Corival 400, Lode, Groningen, The Netherlands) to 
determine maximal oxygen consumption (VO2peak). Pedal cadence was maintained at 70 
rpm, while the power output was initially set at 50 watts (W) for a five minute warm-up, and 
increased by 1 W every 3 seconds until the participant could no longer maintain the power 
output (cadence dropped below 50 rpm). For each test, the time at which the cadence 
dropped below 50 rpm was recorded as the time to exhaustion and the highest power output 
obtained was recorded as peak power output. Respiratory gases were monitored and 
continuously analyzed with open-circuit spirometry using a calibrated metabolic cart (True 
One 2400®, Parvo-Medics, Inc., Provo, UT). Data was averaged over 15-second intervals, 
with the highest 15-second oxygen consumption and heart rate values identified as the 
VO2peak and ventilatory threshold. Heart rate was monitored continuously during exercise 
by a heart rate monitor (Polar FS1, Polar Electro Inc. Lake Success, NY). Test-retest 
reliability for the VO2peak protocol demonstrated reliable between-day testing with an 
intraclass correlation coefficient (ICC) of 0.98 and standard error of the measurement (SEM) 
of 1.74 ml·kg−1·min−1.
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Body Composition Measurement
All body composition measurements were performed at the same time of day, following an 8 
hour fast (water intake was allowed up to 1 hr prior to testing). Using a criterion four-
compartment model, fat mass (FM), lean mass (LM), and percent body fat (%FAT) were 
estimated using as described by Wang et al.(2002):
Where BV is total body volume, TBW is total body water, Mo is total body bone mineral, 
and BM is body mass. Multi-compartment models are known to be the most sensitive and 
valid methods of body composition, compared to single 2- or 3-compartment approaches. 
Dual-energy X-ray absorptiometry (Discovery W, Hologic, Bedford, MA) was used to 
estimate total bone mineral content using the device’s default software (Apex Software 
V3.3). BMC was converted to Mo using the following equation: Mo = total body bone 
mineral content × 1.0436. Air-displacement plethysmography (BodPod®; Life 
Measurement, Inc.; Concord, CA) was used to determine body mass and body volume. Prior 
to each test, the device was calibrated according to the manufacturer’s instructions. 
Participants entered the chamber in tight fitting clothing (i.e. compression shorts, sports bra, 
or swimsuit) and swimming cap, wearing the exact same clothing for baseline and post-
measurements. Thoracic lung volume was estimated at pre-testing and subsequently used for 
post-testing assessments. Previous reports have shown that predicted lung volumes are not 
significantly different than measured volumes, even in obese subjects (Demerath et al., 2002; 
McCrory, Mole, Gomez, Dewey, & Bernauer, 1998). Bioimpedance spectroscopywere used 
to estimate total body water (SFB7, ImpediMed, Queensland, Australia). Total body water 
estimates were taken while the participant lay supine on a table with their arms and legs 
separated by ≥ 30˚. Electrodes were placed at the distal ends of the participant’s right hand 
and food. Prior to analysis, each participant’s height, body weight, age, and sex were entered 
into the bioimpedance spectroscopy device. The average of two trials within ± 0.05 liters 
was used to represent each participant’s total body water.
Test-retest reliability of the four compartment equation was measured in 14 overweight 
women and produced an ICC of 0.98 and SEM of 0.65kg; 0.61kg, and 0.60% for FM, LM, 
and %FAT, respectively.
Ultrasonography was used to determine abdominal wall fat thickness, using a wide-band 
linear array transducer (GE 12L-RS, Logiq-e B-mode, GE Healthcare, Wisconsin, USA), 
performed by the same technician (AESR). While the subject was in the supine position, the 
transducer was placed approximately 1 cm from the umbilicus. Abdominal fat thickness was 
measured as the distance between the internal surface of the rectus abdominis muscle and 
the preperitoneal organ line (Naboush & Hamdy, 2013; Sogabe, Okahisa, Hibino, & 
Yamanoi, 2012). Test-retest reliability from our lab resulted in an ICC of 0.87 and SEM of 
3.2 cm.
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High-Intensity Interval Training
All training was performed on an electronically braked cycle ergometer (Corival 400, Lode, 
Gronigen, The Netherlands), trained one-on-one under the supervision of trained research 
staff. Participants were required to train three times a week, with no more than two training 
sessions back to back. Training schedule was set to the participants’ preference (days of the 
week and time of day). Participants were randomly assigned to one of three groups. 
Respective groups consisted of: 1MIN high intensity intervals: 10 repetitions of 1 minute 
bouts with 1 minute rest periods at 90% of the power output obtained during VO2peak (total 
of 10 minutes of cycling) modified from: (Boyd et al., 2013); 2MIN high intensity intervals: 
5 bouts of 2 minutes cycling with 1 minute recovery utilizing undulating intensities 
(80-100% VO2peak) [modified from: (Smith et al., 2009) (Figure 2)] (total of 10 minutes of 
cycling), or no exercise at all (control). Heart rate and ratings of perceived exertion were 
used and tracked to monitor intensity. The research staff set the power output at their 
respective intensities for each work bout, and each training session under a highly controlled 
setting. Adherence to the training was 100%, with all participants completing all three 
training days per week, for a total of 9 training session.
Statistical Analysis
Differences between groups (1MIN vs. 2MIN vs. control) from baseline to week three were 
analyzed using an analysis of covariance (ANCOVA) with baseline scores used as the 
covariate. Due to the additional aim of evaluating the effects of short-term interval training 
in this population, a follow-up analysis was completed using an ANCOVA when there were 
no treatment effects; training groups were collapsed (interval) compared to control. The 
homogeneity of regression assumption for ANCOVA was met for all variables. All post-hoc 
comparisons were Bonferroni adjusted. Descriptive statistics are presented as mean ± 
standard deviation. Raw values and adjusted change scores (week 3 minus baseline) for all 
dependent variables are displayed. Effect sizes (ηp2) and 95% confidence intervals (CI) are 
also presented. All statistical procedures were performed using SPSS (version 20.0, SPSS 
Inc., Chicago, IL). Power calculations were completed using nQuery + nTerim 2.0 
(Statistical Solutions, Boston, MA) using data from similar interval interventions (Talanian, 
Galloway, Heigenhauser, Bonen, & Spriet, 2007; Tjonna et al., 2009) in order to evaluate 
change scores. For powering our study we assumed a meaningful difference of 2.0 
ml·kg·min−1 from VO2peak. We further assumed a standard deviation of 2.5 ml·kg·min−1 at 
each pre- and post-testing time point; with attrition not greater than 10%. Under these 
assumptions, having 30 evaluable subjects, would provide at least 80% power for an 
ANCOVA (assuming a 0.85 correlation between measurements which implies a standard 
deviation for change scores of 1.37) at the 0.05 level.
Results
Of the initial 32 subjects enrolled, 30 were evaluated in the analysis. There were no 
significant baseline differences between 1MIN (n=11), 2MIN (n=10), and control (n=9) 
groups (Table 1). No adverse events were reported during study participation.
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Cardiorespiratory Fitness
There was no significant treatment effect (p=0.291; ηp2=0.094,CI:[ −0.89-4.35]) for 
VO2peak when analyzed for 2MIN (2.97 ± 1.95 ml·kg−1·min−1), 1MIN (1.80 ± 1.86 
ml·kg−1·min−1), and CON (0.61 ± 2.18 ml·kg−1·min−1) (Table 2). Time to exhaustion 
demonstrated a significant interaction (p=0.001; ηp2=0.447); there was a significant increase 
in time to exhaustion in 2MIN (p=0.001) and 1MIN (p=0.001) groups both training groups 
compared to the control group; (Table 2). There was a significant interaction for peak power 
output (p=0.014; ηp2=0.290), with significant increases for 2MIN (p=0.015) and 1MIN 
(p=0.043) compared to control.
When collapsed across training groups (Table 3), there was no significant difference 
between groups for VO2peak (p=0.313). In contrast, the interval groups together elicited an 
increase in time to exhaustion of 55.12 (± 16.34 sec) compared to a decrease in the control 
group (−15.42 ± 16.34 sec) (p=0.001; CI:[38.23-101.01]). There was also a significant 
treatment effect for peak power output (p=0.004; ηp2=0.280, CI:[7.78-30.94]).
Heart rate (HR) and rating of perceived exertion (RPE) decreased significantly from the end 
of the first training session to the end of the last interval session (p<0.05) for 2MIN (HR: 
−6.7 bpm; RPE: −2.1 a.u.) and for 1MIN (HR: −7.1 bpm; RPE: −2.3 bpm). Average peak 
HR across all sessions for 2MIN and 1MIN were 165.2 bpm and 168.7 bpm, respectively. 
For RPE, average peak values for all for all 2MIN and 1MIN sessions were 14.9 a.u. and 
14.1 a.u., respectively. There was no significant difference for average wattage between 
groups for training W (p=0.153) for 1MIN (161 ± 33W) compared to 2MIN (158 ± 20W).
Body Composition
Comparisons of all three groups demonstrated no statistically significant interactions or 
treatment effects for body composition, suggesting there is no difference in training 
approach, 1:1 vs. 2:1, in the current population.
Although there was no treatment effect for individual training groups (p=0.33; ηp2=0.085), 
fat mass decreased by 1.83 kg (±1.48kg) for 2MIN and 2.07 kg (±1.40kg) for 1MIN, 
compared to 0.50 kg (±1.65kg) for control (Table 2). There was also no significant change in 
abdominal fat thickness (p=0.597) for any group.
When groups were collapsed, compared to the control group, there was a significant main 
effect for treatment (p=0.011, CI:[−1.78-1.47]) (Table 3); the collapsed interval training 
groups yielded a reduction in FM by 1.96 kg (±0.99) from three weeks of training. Lean 
mass demonstrated no significant change (Tables 2 and 3). Percent body fat yielded no 
treatment effect (p=0.185; ηp2=0.126, CI:[−1.70-1.37]) between all three groups. 
Additionally, there were no significant treatment effects, but training demonstrated a 11.29 
cm (±18.4cm) decrease in abdominal fat thickness, compared to a 3.44 cm (±9.21cm) 
decrease in the control group (p=0.321, CI: [−14.86-8.38]).
Blood Values
The effects of 2MIN and 1MIN on fasting blood glucose and blood lipids are summarized in 
Table 2. All mean baseline blood values analyzed, glucose, total cholesterol, triglycerides, 
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HDL, LDL, were considered normal at baseline. There were no significant treatment effects 
for any measured blood metabolites (p=0.134-0.728) (Table 3).
Discussion
The present study demonstrates that high-intensity interval training is an effective exercise 
strategy for improving time to exhaustion, peak power output, and fat mass in overweight/
obese women. Previous data supports the use of interval training exercise to improve peak 
power output and fat mass; Gillen et al. (Gillen et al., 2013) previously demonstrated 
significant improvements in percent body fat and mitochondrial capacity in overweight 
women using a similar 60 second protocol. Similarly, there were no significant effects on 
insulin sensitivity (Gillen et al., 2013). Although not significant, nine sessions of 10 total 
min constant-load interval training, over three weeks in the current study, resulted in similar 
changes in cardiorespiratory fitness and fat mass reported from previous more chronic (up to 
15 weeks) training protocols (Fisher et al., 2015; Helgerud et al., 2007; Heydari, Freund, & 
Boutcher, 2012; Nybo et al., 2010; Tjonna et al., 2009). In contrast, previous evaluations 
utilizing a similar 1MIN protocol have resulted in significant improvements in oxygen 
consumption and insulin sensitivity in healthy men and women and type II diabetics (Hood 
et al., 2011; Skelly et al., 2014). The lack of effect in insulin and glucose sensitivity may be 
a result of a lack of dietary intervention (Kessler et al., 2012), or may also be due to the 
normal blood values at baseline. Benefits for cardiorespiratory fitness in this population may 
require additional weeks of training. Collectively, the magnitude of the change for both 
training groups were not different from each other, suggesting either 10 sets of 1 min bouts, 
or 5 sets of 2 min bouts may provide an equal benefits model for rapid improvements in 
cardiovascular health and potential changes in fat mass.
Cardiorespiratory Fitness
Maximal exercise capacity has been shown to be the most significant predictor of increased 
risk of mortality, more than any other clinical variable, in patients with at least one 
cardiovascular risk factor (Myers et al., 2002). Cardiorespiratory fitness is a modifiable risk 
factor, with improvements linked directly with reduced mortality and improved health status 
(McAuley et al., 2012). High intensity exercise has been repeatedly shown to rapidly 
augment VO2peak in a variety of populations (Gibala, Little, Macdonald, & Hawley, 2012). 
The present study demonstrated a non-significant average 2.4 ml·kg·min−1(~8%) increase in 
VO2peak with nine exercise sessions. The magnitude of this change is slightly lower than an 
average 5.0 ml·kg·min−1 reported by Gillen et al. (Gillen et al., 2013)despite a similar 
protocol in overweight women. However, Gillen et al. (Gillen et al., 2013) employed six 
weeks of training. The improvements in the current study were also lower than other studies 
using a similar 60 second protocol in sedentary men (Esfandiari, Sasson, & Goodman, 2014) 
and overweight/obese men (Fisher et al., 2015; Whyte et al., 2010). Thus, while 
cardiorespiratory fitness improved, in order to reach ‘significance’ a longer duration of 
training may be imperative. Improvements in VO2peak as a result of high-intensity interval 
training have been largely attributed to increases in mitochondrial biogenesis via 
upregulation of peroxisome prolifterator-activated receptor γ coactivator (PGC)-1α (Hood 
et al., 2011). Although this was not measured in the current study, growing research 
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demonstrates fluctuations in ATP turnover during the start and stop nature of interval 
training, may activate PGC-1α signaling pathway (Daussin et al., 2008). High intensity 
exercise has also been shown to improve stroke volume and cardiac output, thereby 
improving oxygen delivery (Esfandiari et al., 2014). The present study did not show 
statistical significance in VO2peak, but may have practical relevance, as the changes were in 
line with previous, longer duration studies. The lack of significance may be a result of 
differences in the interval protocol or population used (men vs. women; overweight/obese). 
Additionally, the variability among subjects was higher than anticipated. The present study 
also demonstrated significant increases in time to exhaustion and peak power output, further 
supporting increases in cardiorespiratory fitness following 3 weeks of interval training.
Body Composition
Similar to previous short duration (2-6 weeks) high-intensity training programs, there was 
no significant effect on body weight. However, both 1MIN and 2MIN groups demonstrated a 
significant loss in fat mass, in comparison to the control group. The 2.0 kg loss in fat mass 
from the present study is greater than compared to Gillen et al. (Gillen et al., 2013) utilizing 
a similar 1MIN protocol, resulting in an average 0.6 kg loss. The 2.0 kg loss in the current 
study is similar to other, more chronic interventions. Heydari et al.(2012) and Dunn et al.
(2009) reported an average 2.3 kg loss in fat mass following 12 weeks of high intensity 
training. Trapp et al.(2008) and Tjonna et al.(2009) and also reported about a 2.5 kg loss in 
fat mass after 15 and 16-weeks of high-intensity training, respectively. It has been suggested 
that longer duration work bouts (>30 sec) have resulted in greater fat loss (Trapp et al., 
2008). In the present study, there was no difference in fat loss between 1MIN and 2MIN 
groups. Additionally, hypotheses exist regarding a greater initial fat amount may correspond 
to a greater fat loss (Boutcher, 2011), which would also support why the present study 
demonstrated greater effects compared to Gillen et al. (2013) using just an overweight 
population. With a largely obese cohort in the current study, the losses in fat may be 
attributed to greater baseline fat levels. Mechanistically, high-intensity training may 
stimulate greater increases in energy expenditure over a similar given amount of work, 
compared to low-intensity training (Skelly et al., 2014). Although the present study did not 
evaluate energy expenditure or lipid metabolism, the decrease in fat mass in women, without 
dietary intervention, may be a result of these metabolic changes. Magnified catecholamine 
response during exercise, and throughout recovery, likely plays a role in augmented energy 
expenditure (De Feo, 2013). In theory, maximal fat oxidation (Astorino, Schubert, Palumbo, 
Stirling, & McMillan, 2013) and elevated energy expenditure (Skelly et al., 2014)from 
interval training may augment energy expenditure and ultimately yield improvements in 
body composition over an accumulated time. In contrast, the current protocol in men 
resulted in no changes in fat mass, but increases in lean mass (A. E. Smith-Ryan et al., 
2015); Scalzo et al.(2014) has reported muscle protein synthesis may be more pronounced in 
men, which is supported by results from this data set.
The non-significant decrease in abdominal fat thickness in the present study, with a mean 
reduction of 11 cm extend the findings of Heydari et al.(2012), demonstrating a reduction in 
abdominal fat thickness after 8-12 weeks of high-intensity training. Additionally, Irving et 
al.(2008) reported a significant 25 cm reduction in visceral thickness fat following high-
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intensity, but not low-intensity running exercise in obese women. Due to the strong 
implications of abdominal fat and visceral fat and increased cardiovascular disease risk (Kuk 
et al., 2006), the impact of interval training after three weeks, may have positive health 
implications. The high catecholamine release from interval training may be an underlying 
mechanism for targeting abdominal fat, as well as a larger number of β-adrenergic receptors 
concentrated within visceral and abdominal thickness fat, compared to subcutaneous fat 
(Kuk et al., 2006). The variability of the sample was relatively high, which likely contributed 
to the lack of statistical significance. However, the change in visceral fat may be worthwhile 
to explore in future longer duration studies. Long term data evaluating visceral fat re-gain 
and maintenance following cessation of a high-intensity interval training protocol is also 
needed.
Lipids
The use of high-intensity exercise as prescription for improving insulin sensitivity and 
glucose tolerance has gained increasing support. As the prevalence of diabesity rises and 
physical activity falls due to time burdens, high-intensity interval training has shown 
potential benefits (Nybo et al., 2010). While the present study was unable to stimulate 
significant positive changes in blood lipids and insulin sensitivity, recent interventions, with 
similar protocols have demonstrated significant benefits. Hood et al. (2011) reported an 
improvement (35%) in insulin sensitivity in previously sedentary adults, following a two-
week cycling protocol of 10 bouts of 1 min on 1 min off at 60% peak power. Whyte et al. 
(2010) also demonstrated an improvement in insulin sensitivity (25%) and fat oxidation 
following two weeks of sprint interval training (6 × 30 sec). Our previously published results 
in men, also demonstrated significantly positive results on insulin sensitivity (A. E. Smith-
Ryan et al., 2015). In comparison, insulin concentrations in the current study improved by 
46% following three weeks of training, which is similar to responses reported following 
more chronic endurance training (Haskell et al., 2007). The lack of significance is likely due 
to the individual variability of the sample. Additionally, the normal results at baseline, 
despite other risk factors, may have influenced the lack of change. Previous short training 
intervention studies have also failed to report a significant influence on insulin and blood 
lipids with very little volume (8-30sec work bouts) (Heydari et al., 2012; Nybo et al., 2010) . 
Although not significant, the higher intensity protocol in the current study (10 × 1min at 
90%) stimulated a greater influence on insulin concentrations (Table 2).
Limitations
We acknowledge that the current results are limited by a relatively small inter-treatment 
sample size and sample variability. Despite this, we were able to detect significant effects 
when training groups were collapsed. The differences from baseline to post-testing, for both 
1MIN and 2MIN groups, represent changes that are clinically relevant and beyond the 
measurement error. Evaluating changes against a steady-state control group would have also 
strengthened the study, but a fair amount of data exists comparing the two training 
strategies. .Additionally, it is possible that estrogen may influence exercise performance and 
blood metabolites (Hackney & Smith-Ryan, 2012). Although we did not measure estrogen 
concentrations, we did complete testing at weeks 0 and 4, which allowed for testing to occur 
in similar weeks of the menstrual cycle. Lastly, while nutrition was not a primary aim of the 
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study, it is possible that despite encouragement to maintain typical habits, dietary changes 
may have had an influence.
Conclusions
The use of repeated all-out sprint interval training, has highlighted the potential rapid health 
benefits from high-intensity exercise. There is some concern that increasing the duration of 
the bout, and subsequently reducing intensity, may minimize the health and body 
composition effects. However, this strategy may improve adherence and feasibility to a 
variety of populations. The present study demonstrates that 10 minutes of high-intensity 
work, of either 1 minute or 2 minute intervals, is effective for improving time to exhaustion, 
peak power output, and fat mass in overweight and obese women. High-intensity interval 
training may elicit similar benefits to traditional aerobic training with a significantly lower 
volume and in a shorter period of time (Burgomaster et al., 2008; Nybo et al., 2010), which 
may be helpful to address the mental and physical challenges associated with initiating an 
exercise program. A primary strength of our study is that we examined a cohort comprised 
exclusively of women, in comparison to the majority of high intensity interval data 
evaluating mixed samples, or men only. To date the longest interval training study that we 
are aware of, spans 16 weeks (Lunt et al., 2014). More chronic evaluations of high-intensity 
interval training should be examined in this population. Additionally, the combined effects 
of interval exercise and dietary modification as a means for weight loss should be evaluated.
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Figure 1. 
Consort guidelines flow diagram for enrollment, exclusion, and randomization.
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Figure 2. 
Experimental design.
Body composition and blood variables were measured in the morning, after an eight hour 
fast, at a similar time of day (± 2 hours) at pre and post-testing. Cardiorespiratory fitness 
(VO2peak) was assessed following cessation of exercise for at least 24 hours. Participants 
were randomized into respective training groups (1MIN, 2MIN) or no training (CON), for 
three weeks.
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Table 3
Cardiorespiratory fitness (VO2peak; ml·kg·min−1; TTF; sec; PPO; W), body composition (FM; kg; %BF; LM: 
kg; AFT, cm), and blood metabolites (mg/dL) and insulin (IU/L) collapsed across training groups (INT) versus 
control.
INT CONTROL 1P Value
Change Change
Vo2peak 2.36 ± 1.34 0.62 ± 2.16 0.313
TTE 55.12 ± 16.35* -15.42 ± 26.56 0.001
PPO 18.86 ± 13.65* -1.71 ± 12.84 0.004
FM
−1.96 ± 0.99* −0.49 ± 1.62 0.011
%BF
−2.11 ± 0.88* −0.49 ± 1.43 0.059
LM 1.43 ± 1.80 1.17 ± 1.30 0.730
AFT −11.29 ± 18.35 −3.44 ± 9.21 0.321
Glucose −0.13 ± 2.27 −1.23 ± 3.75 0.600
Cholesterol 0.91 ± 8.00 0.12 ± 13.27 0.921
Triglycerides −9.00 ± 12.80 −1.25 ± 20.60 0.528
HDL 0.21 ± 2.44 1.70 ± 4.20 0.559
LDL −2.18 ± 6.20 −2.42 ± 10.20 0.968
Insulin 0.26 ± 1.41 1.45 ± 2.25 0.384
Values are mean ± SD.
1P values are for the differences between the two groups, INT vs. CON
*
significant treatment effect p<0.05 via ANCOVA (post values are significantly different from each other, covarying for pre values).
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